Abstract. In this paper, we propose the concept of fuzzy equivalence on standard neutrosophic sets and rough standard neutrosophic sets. We also provide some formulas for fuzzy equivalence on standard neutrosophic sets and rough standard neutrosophic sets. We also apply these formulas for cluster analysis. Numerical examples are illustrated.
It has been realized that the combination of the neutrosophic set and rough set achieved more uncertainty in the analysis of sophisticated events in real applications [24] [25] [26] . Bui Cong Cuong et al. [27] firstly introduced some results of the standard neutrosophic soft theory. Later, Nguyen Xuan Thao et al. [28, 29] proposed the rough picture fuzzy set and the rough standard neutrosophic set which are the results of approximation of the picture fuzzy set and standard neutrosophic set, respectively, with respect to a crisp approximation space. However, the fuzzy equivalence, a basic component in the standard neutrosophic set for the approximation and inference processes, has not been defined yet.
In this paper, we introduce the concept of fuzzy equivalence for the standard neutrosophic set and the rough standard neutrosophic set. Some examples of the fuzzy equivalence for those sets and application on clustering analysis are also given. The rest of the paper is organized as follows: The rough standard neutrosophic set and fuzzy equivalence are recalled in Sect. 3. Sections 3 and 4 propose the concept of fuzzy equivalence for two standard neutrosophic sets. In Sect. 5, we give an application of clustering and Sect. 6 draws the conclusion.
Preliminary
Definition 1 [27] . Let U be a universal set. A standard neutrosophic set (SNS) A on the U is A ¼ u;
ð Þ is called the "degree of indeterminate/neutral membership of u in A," and c A u ð Þc A u ð Þ is called the "degree of negative membership of u in A," where l A u ð Þ; g A u ð Þ c A u ð Þ 2 0; 1 ½ satisfy the following condition:
The family of all standard neutrosophic sets in U is denoted by SNS U ð Þ.
Definition 2 [28, 29] . For a given A 2 SNS U ð Þ, the mappings
where 3 Fuzzy Equivalence on Standard Neutrosophic Set
½ is a fuzzy equivalence if it satisfies the following conditions:
is a fuzzy equivalence of A and B. Indeed, conditions (E1), (E2), (E3), and (E4) are obvious.
. . .; x n f gbe a universal set and A; B 2 SNS U ð Þ. Let a mapping E : PFS U ð Þ Â PFS U ð Þ ! 0; 1 ½ is defined by
where
Fuzzy Equivalence on Rough Standard Neutrosophic Set
Here, we propose a fuzzy equivalence of the rough standard neutrosophic sets. Let
;
:
is a fuzzy equivalence:
Proof We verify the conditions for E A; B ð Þ (E1) is obvious.
is a fuzzy equivalence.
Proof Similar to proof of Theorem 2.
An Application to Clustering Analysis
Example 2 Suppose there are three types of products
This division can be based on age or income. We consider that each customer evaluates the product by the linguistic labels {Good, Not-Rated, Not-Good}. Thus, each customer is a neutrosophic set on the products set (Table 1) . Now, we can look at similar levels of customer groups in order to strategically sell products. Therefore, one can consider the sets of equivalence classes of customers for the three product categories above. In Table 2 , we obtain a rough neutrosophic information system, in which for each X i , the upper line is RPX i and the lower line is RP X i i ¼ 1; ::; 5 ð Þ .
We calculate the similarity relations on X 1 ; X 2 ; X 3 ; X 4 ; X 5 f g (based on Theorem 2) as follows: Table 1 . A neutrosophic information system The clustering analysis on the rough standard neutrosophic set is analogously done. We find that the clustering result by Theorems 2 and 3 is giving the same clustering results. But theoretically, computation using Theorem 3 is simpler than Theorem 2.
Conclusions
We have introduced the preliminary results of the fuzzy equivalences on the standard neutrosophic set and the rough standard neutrosophic set. Using these definitions, we can perform clustering analysis on the datasets of neutrosophic sets.
Further studies regarding this research can be expanded of fuzzy equivalence of topological spaces and metrics. With that, we can also build fuzzy equivalent matrix models for clustering problems for real applications.
